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INTRODUCTION

As jurisdictions are faced with increasingly complex transportation issues, the need for effective, low-data
intensity, and customizable analysis tools to convey trade-offs and design alternatives to public and agency
stakeholders is ever more apparent. Some existing tools, such as the Level of Traffic Stress methodology,
better fit these needs and can be expanded to better meet the needs of bicycle and pedestrian planners.
Other tools, such as the Highway Capacity Manual’s Multi-Modal Level of Service methodology, are data
intensive and onerous from a practitioner perspective and often feature complex calculations and outputs
that are difficult to explain to non-transportation stakeholders. To address this need on active
transportation and complete streets studies, Fehr & Peers prepared a quick-response tool — Streetscore+ —
that allows jurisdictions to quickly and effectively compare design alternatives and convey project benefits

to stakeholders.

Streetscore+ is an Excel-based tool that allows users to calculate comfort based indices for active
transportation projects. For bicycle facilities, this builds off of the Level of Traffic Stress methodology
developed by Mekuria, Furth, and Nixon (2012) with targeted enhancements to address cycle track and
bicycle boulevard comfort, making the methodologies consistent with the National Association of City
Transportation Officials’ (NACTO's) Urban Bikeway Design Guide, 2nd edition. For pedestrian facilities,
Streetscore+ is calculated based on best practice guidance documentation, such as the NACTO Urban
Streets Guide and safety research. Streetscore+ uses best practice guidance to measure bicycle and
pedestrian comfort at links and intersections in urbanized environments. Streetscore+ easily and accurately
assesses bicycle and pedestrian project benefits and trade-offs, assisting community and agency
stakeholders in making informed decisions about complete streets projects, and assisting project
development as a sketch-planning tool to ensure that key comfort considerations are included in bicycle

and pedestrian designs.
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BACKGROUND & DOCUMENTATION

BICYCLING COMFORT AND LEVEL OF TRAFFIC STRESS

Mekuria, Furth, and Nixon's 2012 Low Stress Bicycling and Network Connectivity report (also Transportation

Research Board Annual Compendium of Paper, 2016) opened the door to the Level of Traffic Stress (LTS)
methodology that has been the focus of practitioners for the last four years. The report takes a practical
approach to defining and describing user tolerance along a given bikeway, balancing typically available data
against a “weakest link” methodology informed by sound engineering judgment. Streetscore+ takes a the

same approach but incorporates methodologies for bicycle boulevard and cycle tracks.
CYCLE TRACKS

With the current LTS methodology, off-street facilities and cycle tracks receive a LTS score of 1, indicating
that they are ideal for bicyclists of all ages and abilities. Recent research and best practice guidance from
the Federal Highway Administration (FHWA) Separated Bikeway Guide; NACTO Urban Bikeway Guide, 2nd
edition; and similar publications, has demonstrated that cycle track design is complex and worthy of more

rigorous LTS assessment.

To document a refined comfort methodology for separated bikeways, the NACTO Urban Bikeway Guide, 2"

edition was used to reference best practices in raised and in-roadway cycle track design, both with and
without parking. NACTO differentiates between required and recommended features, which were either
incorporated into Streetscore+ or were treated as assumptions. For example, the raised cycle track
requirement of “bicycle lane word, symbol, and/or arrow markings (MUTCD Figure 9C-3) shall be placed at
the beginning of a cycle track and at periodic intervals along the facility based on engineering judgment”
is assumed to be present. By contrast, buffer space guidance is incorporated as a Streetscore+ variable.
The three foot minimum buffer space between the cycle track and parking lane is assumed to represent a
Streetscore+ of 3, as more than 3 feet will be more comfortable for pedestrians and enhanced accessibility
for users for mobility impairments, which would instead return a Streetscore+ of 1. If the required elements
are missing or deficient, then a Streetscore+ of 4 is typically received. Missing, deficient, or minimum
dimension recommended features receive a slightly more lenient decrease in score, typically a

Streetscore+2 or 3 depending on the importance of the design element for comfort and safety.

The NACTO Urban Bikeway Guide also includes two-way separated bikeways or side paths. The
Streetscore+ methodology does not currently include those facility types, but these can be incorporated

into future updates to the methodology.



|

BICYCLE BOULEVARDS

The NACTO Urban Bikeway Guide, 2™ Edition also proposes specific criteria for best practices in bicycle
boulevard design, helping practitioners distinguish from potentially high-stress bicycle routes — with high
auto volumes and speed — from true bicycle boulevards that are traffic calmed through low auto volumes
and speeds and are truly appropriate for all ages and abilities. Academic research from Jennifer Dill and
others have reinforced this distinction in terms of low-stress bikeways' ability to attract new ridership from

the “Interested but Concerned” cohort.

The NACTO Guide states that bicycle boulevards “should be meet strict targets of fewer than 3,000 motor
vehicles per day (1,500 preferred) and an 85" percentile speed of no more than 25 mph (20 mph
preferred).”! Bicycle boulevard components such as connectivity and route identification/wayfinding, which
are critical elements of successful implementations, are assumed in the bicycle boulevard Streetscore+
criteria. While these are key design elements, they are not considered to be major drivers of comfort. As a
result, bicycle boulevards with 1,500 vehicles per day or less and speeds below 20 mph received a
Streetscore+ of 1 while bicycle boulevards with over 3,000 vehicles per day and speeds above 25 mph

received a Streetscore+ of 3 or 4.

The bicycle boulevard design elements at minor streets document bicycle travel time considerations with
and without frequent stop signs at intersection with minor streets. While the NACTO Guide does not
present a particular rule, it notes that giving right-of-way to the bicycle boulevard should be considered at

all minor intersections.

PEDESTRIAN COMFORT

SIDEWALK ENVIRONMENT

The NACTO Urban Streets Design Guide (USDG) and engineering judgment provide the basis for pedestrian
Streetscore+. The USDG provides critical, recommended, and optional parameters for the pedestrian
environment consistent with best practices and documents supporting guidance and literature. Additional

considerations of comfort are informed by practitioner and best practice experience.

The USDG specifically addresses the following topic areas:

1 NACTO Urban Bikeway Guide, 2" edition. “Bicycle Boulevard Route Planning” http://nacto.org/publication/urban-
bikeway-design-guide/bicycle-boulevards/route-planning/



http://nacto.org/publication/urban-bikeway-design-guide/bicycle-boulevards/route-planning/
http://nacto.org/publication/urban-bikeway-design-guide/bicycle-boulevards/route-planning/
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e Usable Sidewalk Space: A desired minimum through zone of six feet, with an absolute minimum
of five feet, is listed as a critical strategy. Where sidewalk directly adjacent to moving traffic, the
desired minimum is eight feet, providing a two-foot buffer for street furniture and utilities.

e Driveways: Maintaining sidewalk at-grade through driveways is describe as a critical strategy. As
a result, frequent driveway curb cuts that impact the sidewalk zone, receive a Streetscore+ of 4.

e Pedestrian-Scale Lighting: This is a recommended strategy, resulting in sidewalks with only
roadway lighting not receiving a Streetscore+ higher than 2.

e Street Trees and Landscaping: Street trees and tree wells that minimally impact sidewalk
structure are a recommended strategy.

e Speed: Additional comfort measures, such as going beyond minimum dimensions for sidewalk
and providing landscape buffer, are noted as important as speed increases. Design speed is also
referenced as an overall safety consideration for urban streets, linking crash severity with
increases in speed.

Other criteria that influence comfort that are not specifically addressed in the USDG include:

o Sidewalk Quality: Smooth, even surface is important from an accessibility perspective and
creating great streetscape environments.

¢ Number of Travel Lanes: Increasing the number of travel lanes generally decreases the comfort
and enjoyment of walking on that street.

e Heavy Vehicle Volumes: High volumes of heavy vehicles in the outside curb lane can create
uncomfortable walking conditions for pedestrians even with buffer from the street.

e Crosswalk Frequency: In urban environment, having frequent marked crossing opportunities is
important designate preferred crossing areas for pedestrians and to signal their presence to other
roadway users.

UNCONTROLLED CROSSWALKS

Engineering considerations about when to install and enhance crosswalks based on pedestrian safety
considerations have evolved significantly in the last ten years. Published in 2005, the Federal Highway
Administration (FHWA) Safety Effects of Marked Versus Unmarked Crosswalk at Uncontrolled Locations (2005)
report identified where marking crosswalks may lead to an increased safety risk based on average daily
traffic volumes (ADT), speed, number of travel lanes, and presence of a median. Since then, case study
research has focused on the efficacy of specific types of lighted enhancements that could be used to address

crash risk, such as rectangular rapid flashing beacons (RRFBs) and pedestrian hybrid beacons (PHBs). Case



studies have documented PHB efficacy in the 98" percentile? and RRFBs in the 80" percentile.> RRFBs
continue to have interim approval in the Manual of Uniform Traffic Control Devices (MUTCD), and PHBs,

along with a warrant for their use, are included in the MUTCD.
SIGNALIZED CROSSWALKS

Signalized crosswalk criteria employ best practices and engineering judgment to determine comfort at
crosswalks that already have a high level of traffic control given their location at signals. As a result, key

variables may include:

e Crossing Distance: Lower crossing distance can reduce pedestrian exposure to vehicles and makes
crossing easier for those with mobility impairments as well as seniors and students.

e Accessibility: While many signalized crosswalks have basic ADA requirements, additional
consideration can be given to push buttons and curb ramps to better address the comfort of those
with visual, auditory, and mobility impairments.

¢ Right-Turn Slip Lanes: In some environments, channelized right-turn lanes may be provided at
intersections, which frequently allow for free or yield-controlled right-turn across crosswalks.
Controlling speeds at these locations is important for pedestrian comfort.

e LPI or Scramble: Leading pedestrian interval (LPI) and pedestrian scramble should be considered
as signalized pedestrian improvements in urbanized areas. To recognize the need for their

consideration, these are included as a variable but not have no effect on the ultimate Streetscore+.

2 Fitzpatrick, Turner, Brewer, et al. “Improving Pedestrian Safety at Unsignalized Crossings,” NCHRP 562 (2006).
3 FHWA, "Effects of Yellow Rectangular Rapid-Flashing Beacons on Yielding at Multilane Uncontrolled Crosswalks”
(September 2010).
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PEDESTRIAN STREETSCORE+ METHODOLOGY

The Pedestrian Streetscore+ has a parallel structure to the Level of Traffic Stress approach for bicyclists,

using a 1-4 scale:

e Streetscore+ 1: Highly comfortable, pedestrian-friendly, and easily navigable for pedestrians of
all ages and abilities, including seniors or school-aged children walking unaccompanied to school.
These streets provide an ideal “pedestrian-friendly” environment.

e Streetscore+ 2: Generally comfortable for many pedestrians, but parents may not feel
comfortable with children walking alone. Seniors may have concerns about the walking
environment and take more caution. These streets may be part of a “pedestrian-friendly”
environment where it intersects with a more auto-oriented roadway or other environmental
constraints.

e Streetscore+ 3: Walking is uncomfortable but possible. Minimum sidewalk and crossing facilities
may be present, but barriers are present that make the walking experience uninviting and
uncomfortable.

e Streetscore+ 4: Walking is a barrier and is very uncomfortable or even impossible. Streets have
limited or no accommodation for pedestrians and are inhospitable and possibly unsafe
environment for pedestrians.

Like bicycle comfort, pedestrian comfort is based on a variety of
factors, not just one variable, on both links and at intersections. Example of the Weakest

Multiple variables ranging from the quality and presence of sidewalk Link Methodology
to the conditions of the adjacent roadway (speed, number of travel

lanes, and frequency of trucks) influence the pedestrian Streetscore+ A roadway with good quality
methodology. Each variable is scored 1 through 4, with the highest sidewalk of ample width,

stress (lowest comfort) condition resulting in the composite score. landscaping, and buffer from the
The weakest link approach accounts for the important role of roadway (Streetscore+ 1) adjacent
intersections and gaps in the pedestrian environment, parallel to the to a travel lane with high-speed

Mekuria, Furth, and Nixon methodology for Level of Traffic Stress. traffic and no lighting (Streetscore+

4) results in a composite

The Streetscore+ methodology is intended for use in urban and
Streetscore+ of 4.

developed suburban areas. In highly urbanized areas or more rural

areas, the tables should be contextualized to the local environment.
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PEDESTRIAN LINKS

Pedestrian Streetscore+ link criteria are presented in Table 1 and discussed in the section below.

Criteria

Usable Sidewalk

Sidewalk Quality

Sidewalk
Accessibility

Landscape Buffer
and Street Trees

# of Lanes
Prevailing Speed

Lighting
Heavy Vehicle?

Crosswalk
Frequency*

TABLE 1 STREETSCORE+ CRITERIA
SIDEWALKS IN URBANIZED AREAS

Streetscore+ 1
>=8 feet

Even, Smooth
Surface

Driveway Curb Cuts
Out of the Sidewalk
Zone

Yes, Continuous

2-3
<=25 MPH
Pedestrian-Scale

<=5%

Crosswalks Spaced
400 feet or Less

Streetscore+ 2

7 to 6 feet

(no effect)

(no effect)

Yes, Discontinuous?

4-5
26- 30 MPH
Roadway Lighting

5-8% with no buffer
OR >8% with buffer

(no effect)

Streetscore+ 3

<6 feet

(no effect)

(no effect)

No Landscaping

(no effect)
31-35 MPH

(no effect)

(no effect)

Crosswalks Spaced
> 400 feet

Streetscore+ 4
No Sidewalk

Cracks, Failing
Pavement

Frequent Driveway
Curb Cuts into the
Sidewalk Zone

(no effect)

6+
>=36 MPH

No Lighting?

>8% with no buffer

(no effect)

1. Discontinuous is defined as not having a consistent effect on street life. Regularly spaced street trees may still feel like a
“continuous” buffer and should receive a score of 1.

No lighting also includes ineffective roadway lighting.

3. Consider the percentage of heavy vehicles operating in the curbside travel lane as data is available.

In urbanized areas where pedestrians are expected, crosswalk frequency should be taken into consideration where there is

demand based on land use and densities. As a general rule of thumb, consider marking a crosswalk if 20 pedestrians in a

given hour may cross at that location.
Note: Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further
decrease in comfort for that variable.

SIDEWALK WIDTH, ACCESSIBILITY, AND QUALITY

Three variables are used to assess the sidewalk environment. First, sidewalk width is considered to ensure

that pedestrians can comfortably walk side-by-side and pass each other. These dimensions are intended

to be minimum standards for roadways in urbanized areas and may require modifications in highly dense

areas or in lower-density contexts.

Consistently deteriorated sidewalk quality scores an automatic

Streetscore+ 4, as a result of issues such as tripping hazards and accessibility. Similarly, sidewalk



accessibility targets continuity of the walking experience through maintaining the sidewalk at grade through
driveways, with minimal interference from driveways, curb cuts and slopes. Where driveways are frequent

and do not maintain sidewalk grades through driveways, a Streetscore+ of 4 is received.
LANDSCAPE BUFFER AND STREET TREES

Street trees provide both buffered protection from through vehicles as well as shade for the pedestrian
environment. Where this dual benefit is most pronounced is when street trees are spaced such that
collectively they are perceived as a continuous buffer against vehicular traffic. As a result, a continuous
buffer receives a Streetscore+ of 1. Where street trees are present but spacing is not as frequent or there

are gaps in the landscaping, a Streetscore+ of 2 is received.
TRAVEL LANES, SPEED, AND HEAVY VEHICLES

The number of travel lanes, the prevailing automobile speeds, and the percentage of heavy vehicle traffic
describe roadway conditions immediately adjacent to the pedestrian environment. The number of travel
lanes is used as a way to describe the amount of automobile traffic on a roadway. Heavy vehicle percentage

in the curbside travel lane should be input where data is available.
LIGHTING

Adequate visibility for pedestrians serves both security and safety functions. Lighting that is specifically
designed for pedestrians receives a Streetscore+ of 1, with general roadway lighting receiving a
Streetscore+ 2. No roadway lighting - or where roadway lighting is spaced so infrequently as to be rendered

ineffectual for pedestrians - receives a Streetscore+ of 4.
CROSSWALK FREQUENCY

In urbanized areas with pedestrian traffic, crosswalks should be spaced every 400 feet or less to ensure
adequate crossing opportunities. Where demand is present but crossing opportunities are limited, a

Streetscore+ of 3 is assigned.

PEDESTRIAN STREETSCORE+ AT SIGNALIZED INTERSECTIONS

Table 2 presents the Pedestrian Streetscore+ criteria for signalized intersections. Given the large safety
and comfort benefit offered by full traffic signals, the criteria focuses on crossing distance, accessibility, and

intersection conflicts, as described below:



e Crossing Distance: Crossing distance is measured based on the number of travel lanes on the
crosswalk approach. Narrower streets of 2-3 lanes received a Streetscore+ of 1, and roadways
with 4-5 lanes received a Streetscore+ of 2. Wider roadway receives a score of 4. Medians do not
receive additional consideration at signalized locations, as pedestrians are assumed to cross the
street in one pedestrian phase.

e Accessibility: The presence of accessible elements, such as vibrotactile/audible push buttons at
signals, are important to serving those with auditory and visual impairments. Signals that have
auditory-only push buttons that meet ADA requirements, received a Streetscore+ of 2, and
standard push buttons meeting ADA requirements received a Streetscore+ of 3. Accessibility is
also assessed in terms of curb ramps. Directional curb ramps — two per corner — are desired to
assist those with mobility and visual impairments, directing them into the crosswalk and receive a
Streetscore+ of 1. One ramp per corner receives a Streetscore+ of 2, and if any of the curb ramps
are missing, a Streetscore+ of 4 is received.

e Channelized Right-Turns: Right-turn slip lanes lengthen the distance that a pedestrian must
cross to get from one side of the roadway to the other. As such, even when they are signal-
controlled, they receive a Streetscore+ of 2. Pedestrian comfort decreases as right-turn lane slip
lane control becomes yield (Streetscore+ 3) or becomes a free right-turn receiving a Streetscore+
of 4.

e LPI or Scramble: Leading pedestrian intervals (LPIs) and pedestrian scrambles give pedestrians
priority at the intersection. Where these are present with no right-turn on red restrictions,
Streetscore+ 1 is received. However, there is not a penalty for signals that do not incorporate LPIs
or scrambles, so there is no overall effect on the total score from this variable.



Streetscore+ White Paper
April 2016

TABLE 2 STREETSCORE+ CRITERIA
SIGNALIZED INTERSECTION CROSSWALKS IN URBANIZED AREAS

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4

Crossing Distance 2-3 lanes 4-5 lanes (no effect) 6+ Lanes

Missing Countdown

Pedestrian Signal Vibrotactile/ Audible Auditory Push Standard Push Signals, Push

Accessibility Push Buttons! Button Only Button Only Buttons Do Not
Meet ADA
Standards

Accessibility Directional Curb Diagonal Curb (no effect) Missing Curb Ramps

Ramps Ramps

Right-Turn Slip (no effect) Signalized Slip Lane Yield Control No Control

Lanes or Speed Table

LPI or Scramble Yes with no RTOR (no effect) (no effect) (no effect)

1. Signal may still operate on recall, but the push buttons allows for those with visual and/or auditory impairments to know when the
signal phases change. Use of this at all signals is consistent with the Proposed Guidelines for Pedestrian Facilities in the Public Right-
of-Way (PROWAG).

Note: Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort
for that variable.

Table 3 presents uncontrolled pedestrian crossing Streetscore+ criteria. This method builds on Safety
Effects of Marked Versus Unmarked Crosswalk at Uncontrolled Locations (FHWA, 2005) and adapts those
findings to include specific recommended enhancements with the latest industry standards on flashing
beacons. Based on available documentation of the efficacy of different types of beacons and practitioner
perspective on maintenance, only rectangular rapid flashing beacons (RRFBs) and pedestrian hybrid
beacons (PHBs) are considered as lighted crosswalk enhancements. Table 11 from the FHWA report is
adapted to designate RRFBs specifically as an enhancement if a marked crosswalk is assumed to have a
possible increase in pedestrian crash risk without enhancements, and to include PHBs and signals, if
warranted, as the substantial crossing improvement required in order to mark a crosswalk if the location is
designated as marked crosswalks alone are insufficient, as pedestrian crash risk may be increased by

providing marked crosswalks alone. Geometric enhancements should always be considered.

The Streetscore+ is calculated by comparing Table 3 against what the user has input regarding travel lanes,
ADT, speed, median refuge, and crosswalk enhancements. If the input roadway characteristics and
crosswalk enhancements, if any, match the recommended roadway characteristics and crosswalk

enhancements, if any, then a Streetscore+ of 1 is received. If the recommended crosswalk enhancements

10



do not match based on the roadway characteristics, then a Streetscore+ of 4 is received. The purpose of
the binary scoring system is that the crosswalk either does or does not meet best practices in uncontrolled
crosswalk safety. Therefore, if the existing or proposed crosswalk enhancements match the level of
enhancements required based on speed, volumes, and number of travel lanes, then the Streetscore+ is
considered to be “good” and received a Streetscore+ of 1. If not, then the Streetscore+ is considered to be

"poor” or Streetscore+ 4.

TABLE 3 STREETSCORE+ CRITERIA
UNCONTROLLED PEDESTRIAN CROSSING

Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT
Roadway <9,000 >9,000 to 12,000 > 12,000 to 15,000 > 15,000
Type
30 35 40 30 35 40 30 35 40 30 35 40
mph mph mph mph mph mph mph mph mph mph mph mph
Two Lanes A A B A A B A A C A B C
Three A A B A B B B B C B C C
Lanes
Multilane
s A A C A B C B B c cc c
with raised
median)
Multilane
(4 lanes
without A B C B B C ct C C ct C C
raised
median)
Notes:

A=Level A, Signing and Striping Only;

B=Level B, Rapid Rectangular Flashing Beacons (RRFB);

C=Level C, Pedestrian Hybrid Beacon (PHB) or Signal.

Geometric treatments should also be considered prior to the implementation of recommended enhancement.

1. Depending on site observation, driver yielding rates, and other engineering considerations, RRFBs could be considered.

11
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BICYCLE STREETSCORE+ METHODOLOGY

The Streetscore+ methodology for bicycle facilities builds on the Mekuria, Furth, and Nixon LTS
methodology, with updates provided based on the NACTO Urban Bikeway Guide, 2" edition
documentation. As discussed in the literature review, two specific bicycle facility were identified in the
existing LTS methodology when it comes to evaluating innovative bicycle facilities: cycle tracks and bicycle
boulevards. Because both bikeway types hold a high potential to increase the number of bicycling trips,
accurately assessing how their designs, which can vary greatly in level of protection and traffic calming,
influence bicycle comfort is critical. The Streetscore+ methodology uses the LTS methodology as a base

with the following modifications:

e Cycle Tracks (or “separated bikeways") — Off-street bikeways and cycle tracks are automatically
scored LTS 1 in the LTS methodology. The Streetscore+ methodology incorporates design criteria
from the NACTO Urban Bikeway Guide, 2" edition to account for best practices in cycle track
design at the link and intersection level.

e Bicycle Boulevards - Bicycle boulevards are treated as bicycle routes in the LTS methodology
and do not include special consideration of traffic calming, volumes, or speeds. The Streetscore+
methodology incorporates design criteria from the NACTO Urban Bikeway Guide, 2" edition to
account for best practices in bicycle boulevards design on links and for major street crossings.

The Streetscore+ scoring methodology is intended to be fully parallel to the Mekuria, Furth, and Nixon's
LTS methodology with a 1-4 scale. Four Types of Cyclists prepared by Roger Geller, Bicycle Coordinator for

Portland Office of Transportation, describes these scales in detail and is attached for reference:

e Streetscore+ 1 - The lowest level of traffic stress and the design goal for a network that truly
accommodates people of all ages and abilities. This level of traffic stress would allow children
trained in traffic safety to bicycle to school by themselves as well as people “interested but
concerned” about bicycling.*

e Streetscore+ 2 - The highest level of acceptable traffic stress for the “interested but concerned”
segment of the population. This is the threshold for a “low traffic stress” bicycle network that
truly accommodates people of all ages and abilities.

e Streetscore+ 3 - This level of traffic stress accommodates a much smaller segment of population -
Geller's “enthused and confident” segment of the population - who are excited and more familiar
with biking and will therefore accept a higher level of traffic stress.

4 Geller, "Four Types of Cyclists,” Undated. https://www.portlandoregon.gov/transportation/article/237507

12



e Streetscore+ 4 - This is a very high level of traffic stress that does not work for approximately 99%
of the population according to Geller's classification scheme. Only the “strong and fearless”
cohort will feel comfortable riding on these facilities.

CYCLE TRACK — LINKS

NACTO guidance details separate methodologies for raised cycle tracks versus in-roadway cycle tracks as
the designs differ. Parking is another critical variable that affects design elements, as a result with and
without parking criteria are presented for each. For each set of criteria, it is assumed that the cycle track is
a direct route with clear wayfinding signs and pavement legends to help guide bicyclists of all ages and

abilities on the corridor.
RAISED CYCLE TRACKS WITH PARKING

NACTO states a preferred dimension of 6.5 feet for a raised cycle track riding surface to allow bicyclists to
travel side-by-side or to pass other bicyclists with a minimum of 5 feet. Adjacent to parking a minimum 3
foot buffer is required to allow passenger loading and protect bicyclists from dooring incidents. NACTO
acknowledges that driveways and minor street crossings create potential visibility issues between bicyclist
and drivers. As a result, it recommends that parking be prohibited 30 feet from either side of an intersection

to improve driver-bicyclist sight lines.

Blockages to the cycle track, such as with double-parked vehicles, may be enabled if mountable curb or a
cycle track at half the curb height is used. If the cycle track design specifies designated loading zones that
are attractive for commercial and/or passenger loading or if the design physically prevents the cycle track
from being blocked by vehicles, a Streetscore+ of 1 is received. If the design does not address curb
management or if the cycle track can be blocked by vehicles, a Streetscore+ of 3 is received. Table 4

presents the methodology.
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TABLE 4: STREETSCORE+ CRITERIA
RAISED CYCLE TRACK WITH PARKING

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4
Buffer Width >3 feet (no effect) 3 feet <3 feet
Bicycle Lane Width >=6.5 feet 5 to 6.5 feet (no effect) <5 feet

el . Parking prohibited Parking prohibited
‘s/::l;l;ty at Minor >=30 feet from (no effect) <30 feet from (no effect)
intersections intersections

Vehicle loading is

Cvele Track Vehicle loading is not accommodated
V! accommodated (no effect) through design and (no effect)
Blockage .
through design blockages are
expected

Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

RAISED CYCLE TRACKS WITHOUT PARKING

Raised cycle tracks without parking generally use the same criteria as raised cycle tracks with parking except
that adjustments are made to the horizontal separation criterion and a speed criterion is introduced.
Separation can be provided by either a mountable curb with a desired 4:1 slope or a furnishing zone buffer
separating the cycle track from the travel lane per NACTO. The highest score that the cycle track with
mountable curb can receive is Streetscore+ 2. Raised cycle tracks with mountable curbs less the NACTO-
recommended minimum one (1) foot buffer receive Streetscore+ 3. Where a furnishing zone buffer of at

least 3 feet is provided, raised cycle tracks receive Streetscore+ 1.

With no parked cars to buffer the cycle track from the travel lane, speed is introduced to account for traffic
stress associated with riding adjacent to fast moving vehicles. The Streetscore+ is balanced against the
network-planning desire to site cycle tracks on higher speed roads, such as arterials. As a result,

Streetscore+ of 1 still allows for a prevailing speed of up to 30 MPH.

Operable cycle track surface width, cycle track blockages, and visibility at minor streets are still included.
Because parking is not included, the visibility at minor streets is instead defined by the sight triangle

between the driver and the bicyclist. Table 5 presents the methodology.
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TABLE 5: STREETSCORE+ CRITERIA
RAISED CYCLE TRACK WITHOUT PARKING

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4
Mountable
Curb with (no effect) >=1 foot <1 foot (no effect)
. 4:1 Slope
Separation
fumeshing >=3 feet (no effect) <3 feet (no effect)
Zone Buffer -
Speed Limit or
Prevailing Speed 30 MPH or less Up to 35 MPH Up to 40 MPH (no effect)
Bicycle Lane Width >=6.5 feet 5 to 6.5 feet (no effect) <5 feet
Design
accommodates 20
feet for sight
triangle to the

Sight triangles

<20 feet / 10 feet (no effect)

Visibility at Minor Streets cycle track from (no effect)
minor street
crossings and 10
feet from driveway

crossings

Vehicle loading is

. . not
Vehicle loading is
9 accommodated

Cycle Track Blockage accommodated (no effect) (no effect)

. through design
through design and blockages are

expected

Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

IN-ROADWAY CYCLE TRACKS WITH PARKING

Parking-protected in-roadway cycle tracks have similar Streetscore+ criteria to raised cycle tracks, but

include additional details on the operable cycle track lane width as well as the type and width of buffer.

Per NACTO, the desired width of the operable cycle track area is 7 feet in uphill portions or where bicycle
volumes are higher and is otherwise 6 feet, allowing for a Streetscore+ of 1. A minimum width of 5 feet is

required, resulting in a Streetscore+ of 2.

While parking is assumed in this scenario, buffer type offers an additional level of protection for the cycle
track. If the buffer is solid or raised, the maximum Streetscore+ of 1 is received. If the buffer is painted and
has some vertical elements, such as soft-hit posts or rubber curb, a Streetscore+ of 2 is calculated. While

the highest score a paint-only cycle track can receive is 3. Likewise, the desired minimum dimension for

15



parking and the parking-side buffer is 11 feet with a minimum 3 foot buffer. Parking widths of 7 feet that

still provide the 3 foot buffer receive a score of 3 to account for added friction and more constrained cross-

section. Table 6 presents the methodology.

Criteria
Uphill or
Bicycle High
Lane Volume
Width
Otherwise
Buffer Type

Parking + Buffer
Width

Visibility at Minor
Streets

Cycle Track Blockage

TABLE 6: STREETSCORE+ CRITERIA
IN-ROADWAY CYCLE TRACK WITH PARKING

Streetscore+ 1

>=7 feet

>=6 feet

Solid/Raised

>=11 feet, with >3
feet buffer

Parking prohibited
30 feet from
intersections

Vehicle loading is
accommodated
through design

Streetscore+ 2
<=6 feet
<=5 feet

Painted + Some

Vertical Elements?

(no effect)

(no effect)

(no effect)

Streetscore+ 3

(no effect)

(no effect)
Painted Only

10 feet total, with
minimum 3 feet
buffer

Sight triangles <30
feet

Vehicle loading is
not accommodated
through design and

blockages are
Expected

Streetscore+ 4

(no effect)

(no effect)

(no effect)

<10 feet total or
buffer <3 feet

(no effect)

(no effect)

1. Such as soft-hit posts, landscape planters, and other vertical elements that provided additional protection but do not
provide a continuous raised barrier.
Note: Same as the Mekuria, Furth, and Nixon (2012) methodology, "no effect” signifies that there is no further decrease in comfort

for that variable.

IN-ROADWAY CYCLE TRACKS WITHOUT PARKING

In-roadway cycle tracks without parking includes the same criteria as in-roadway cycle tracks with parking,

but also includes the speed criteria to account for the lack of parking buffer. Visibility at minor streets

focuses on sight triangles since parking is prohibited in this condition. Table 7 presents the methodology.
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TABLE 7 STREETSCORE+ CRITERIA
IN-ROADWAY CYCLE TRACK WITHOUT PARKING

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4
Uphill or
Bicycle High >=7 feet <=6 feet (no effect) (no effect)
Lane Volume
Width
Otherwise >=6 feet <=5 feet (no effect) (no effect)
. . Painted + Some
Buffer Type Solid/Raised Vertical Elements (no effect) (no effect)
Buffer Width >=4 feet 3 feet <3 feet (no effect)
Design
accommodates
sight triangle of 20 . .
AP, . Sight triangles less
Visibility at Minor feet to the cycle (no effect) than 20 feet and 10 (no effect)
Streets track from minor
. feet
street crossings and
10 feet from

driveway crossings
e <=30 MPH or less 31- 35 MPH >=36 MPH (no effect)
Prevailing Speed

Vehicle loading is
Cvele Track Vehicle loading is not accommodated
4 accommodated (no effect) through design and (no effect)

Blockage blockages are

Expected

through design

1. Such as soft-hit posts, landscape planters, and other vertical elements that provided additional protection but do not
provide a continuous raised barrier.
Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

CYCLE TRACKS AT SIGNALIZED INTERSECTIONS

Intersections are a very sensitive design area for cycle tracks and have a high potential to provide a weak
link in an otherwise robust facility. Signalized intersections in particular require consideration of protected
intersection treatments, protected signal phasing, and consideration of left- and right-turn auto movements
across the cycle track. The Streetscore+ methodology for cycle tracks is calculated by intersection approach,
similar to the LTS methodology. It is assumed that clear wayfinding and pavement legends provide
guidance to bicyclists through these intersections. Table 8 presents the Streetscore+ criteria for cycle tracks

at signalized intersections.
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TABLE 8 STREETSCORE+ CRITERIA
CYCLE TRACKS AT SIGNALIZED INTERSECTIONS

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4
Barrier and good
sightlines but
permitted turns (RT
. Barrier and good >150 vph) during No barrier
Separate signal S L
Phasinal for cvcle sightlines but cycle track green separation i.e.,
Separation track wi‘?h barrinz at permitted turns (RT phase OR mixing zone or
P <150 vph) during No barrier striped lane with

intersection

cycle track green separation i.e., right-turn pocket

approach phase mixing zone or (RT >150 vph)
striped bike lane
with right-turn
pocket (RT<150 vph)
Protected Painted Treatments: se arBatr?jrlj/ltr:arrier
Bicycle Left-Turns . Two-Stage Turn Box P . (no effect)
Intersection - for bikes to merge
or Bike Box
out
Conflicting Left- Protected Left-Turns (no effect) Permissive Left- (no effect)

Turn Treatments Turns

1. Either with protected right-turn phase or dedicated bicycle only phase that does not overlap with permitted turning autos
or opposing auto movements.

2. Barrier would be a solid, raised elements (curb, landscape-buffer, etc) or a protected intersection that remain up until the
intersection.
Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

SEPARATION

A variety of methods can be used to separate conflicts between turning vehicles and through bicyclists at
signalized intersections. Separate signal phasing between through bicyclists and turning vehicles entirely
remove the conflict, therefore receiving a Streetscore+ of 1. This treatment should include a solid barrier

up to the intersection to reinforce the cycle track protection.

The protected intersection treatment alone substantially reduces the potential and impact of conflict,
putting bicyclists ahead of turning vehicles and reducing the speeds of right-turning vehicles; however, they
do not remove the conflict all together. Where these treatments are implemented with right-turn vehicle
volumes per hour less than 150, a Streetscore+ of 2 is provided. Where right-turn volumes are higher than
150 vehicles per hour or where mixing zones or striped bike lanes with low right-turn volumes are striped,

a score of 3 is received. This accounts for the real drop in protection of the cycle track.
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BICYCLE LEFT-TURNS

Cycle track designs should accommodate left-turns out of the cycle track. Streetscore+ 1 is reserved for
protected intersections, which facilitate two-stage turns with a raised barrier and full protection from the
roadway. Painted facilities allowing bicyclists to cross in two stages — two stage turn boxes and bike boxes
— received a Streetscore+ of 2. Breaks in cycle track barriers or similar treatments requiring bikes to

confidently move out of the cycle track and merge across lanes receive a Streetscore+ of 3.
CONFLICT LEFT-TURN TREATMENTS

While right-hook conflicts are the commonly discussed conflict for bicyclists, auto left-turns across the
cycletrack should also be considered. Protected vehicular left-turns which fully remove the bicyclist-auto
conflicts receive a Streetscore+ of 1. Permissive left-turns receive a Streetscore+ of 3, as that phasing does

not mitigate the conflict.

CYCLE TRACKS AT STOP-CONTROLLED AND UNCONTROLLED
INTERSECTIONS

Cycle tracks at stop-controlled or uncontrolled intersections have different needs than signalized
intersections which are likely to have higher traffic volumes and more turning conflicts. The focus of stop-
controlled and uncontrolled is on conflicts with right-turn vehicles and maintaining good sightlines. Table

9 presents the methodology.
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TABLE 9 STREETSCORE+ CRITERIA
CYCLE TRACKS AT STOP-CONTROLLED AND UNCONTROLLED INTERSECTIONS

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4

Through bike lane Through bike lane
and right-turn lane and right-turn lane
OR mixing zone with  OR mixing zone with
<150 vph >150 vph

Separation or barrier
- with permitted right
turns <150 vph

Approach
Geometry

Design
accommodates sight
triangle of 20 feet to
the cycle track from

minor street
crossings and 10 (no effect)
feet from driveway
crossings. If
parking, prohibited
30 feet from
Intersection

Visibility at Minor
Streets

Sight triangles less

than 20 feet /10 feet (no effect)

Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

BICYCLE BOULEVARD - LINKS

The Streetscore+ methodology incorporates design criteria from the NACTO Urban Bikeway Guide, 2nd
edition to account for best practices in bicycle boulevard design at the link-level. The Mekuria, Furth, and
Nixon LTS methodology evaluates a bicycle boulevard using the same criteria — speed and travel lanes — as
any other bicycle route. Given the sensitivity of bicycle boulevards to average daily traffic (ADT) and speeds,
Streetscore+ for bicycle boulevards requires ADT and posted speed limit (ideally prevailing speed) and
incorporates a higher sensitivity to those two factors for designated bicycle boulevards. To account for
bicyclist delay on bicycle boulevards, the frequency of controlled intersection was also introduced to
account for less desirability associated with losing momentum when stopping/starting at controlled

intersections. Table 10 presents the methodology.
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TABLE 10: STREETSCORE+ CRITERIA
BICYCLE BOULEVARD LINKS

Criteria Streetscore+ 1 Streetscore+ 2 Streetscore+ 3 Streetscore+ 4
ADT on Link <1,500 1,500-3,000 3,000-6,000 >6,000
Speed <=20 MPH Up to 25 MPH (no effect) >25 MPH
Number of Stop
Signs per Mile 2 4 6 >6

Same as the Mekuria, Furth, and Nixon (2012) methodology, “no effect” signifies that there is no further decrease in comfort for that
variable.

AVERAGE DAILY TRAFFIC (ADT)

Bicycle boulevards are typically located on two-lane residential streets. As such, the number of travel lanes
does not provide substantial differentiation in the traffic stress on the facility. As a result, only ADT is used.
NACTO states that 1,500 ADT is desirable, with up to 3,000 allowed on limited section of the corridor. As a

result, these were assigned to Streetscore+ 1 and 2, respectively.
SPEED

The NACTO Urban Bikeway Guide recommends that bicycle boulevards should have a target speed of 20
MPH to maximize bicycle comfort and safety. Where speed is higher than 20 MPH, speed management
strategies should be used to lower the 85™ percentile speed. Given this target speed, bicycle boulevards
with 20 MPH or slower speeds are given a Streetscore+ of 1, upt to 25 MPH a Streetscore+ of 2, and greater
than 25 MPH is Streetscore+ 3.

NUMBER OF STOP-CONTROLLED INTERSECTIONS PER MILE

The NACTO Urban Bikeway Guide states that at intersections with local streets and minor collectors, bicycle
boulevards should have right-of-way priority to reduce or minimize delay by limiting the number of stop
signs along the route. Segments of at least one half mile with continuous travel i.e., no stop sign controls
are desirable. A metric of the number of controlled intersections per mile was developed to account for
bicycle boulevard priority and bicyclist delay. The metric considers stop-control on the bicycle boulevard

and not signalized intersections.
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BICYCLE BOULEVARDS — MAJOR STREET CROSSINGS

The bicycle boulevard major street crossing methodology proposes a parallel approach to uncontrolled
crosswalk locations. While the efficacy of RRFBs and PHBs are better documented for pedestrians, many
cities are beginning to utilize these enhancements on bicycle boulevards. Given the sensitive nature of
these crossings for bicyclists of all ages and abilities, the needs are assumed to be similar to that of a
pedestrians at uncontrolled crosswalks at major streets. As detailed in the Pedestrian Streetscore+ section,

this method assumes a three-tiered level of crossing enhancements:

e A: Crosswalk Enhancements with Signing and Striping Only

e B: Crosswalk Enhancement with Signing, Striping, and Rectangular Rapid Flashing Beacons
(RRFBs). Note that this assumes bicyclists would be able to actuate the RRFB through a separated
push button located adjacent to the travelway.

e C: Crosswalk Enhancement with Signing, Striping, and Pedestrian Hybrid Beacon (PHB) or Traffic
Signal. Note that this assumes bicyclists would be able to actuate the PHB or signal through
bicycle detection.

The Streetscore+ for bicycle boulevard crossings therefore defines the minimum recommended design
elements based on ADT, number of travel lanes, and speed, as presented in Table 11. Based on user input
regarding the presence of signing and striping only or beacons, Streetscore+ delivers a score of 1 if the
level of treatment matches the recommended treatment, and a score of 4 if the existing/proposed
treatments input by the user do not match recommended treatments. In addition to the signing, striping,
and beacon and/or signal enhancements, users should also examine the feasibility of geometric

improvements at the crosswalk, such as curb extensions or median refuges.

22



TABLE 11 STREETSCORE+ CRITERIA
BICYCLE BOULEVARD MAJOR STREET CROSSING

Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT

Major <9,000 >9,000 to 12,000 > 12,000 to 15,000 > 15,000
Street
Criteria 30 35 40 30 35 40 30 35 40 30 35 40

Two
Lanes

Three
Lanes

Multilane

(4 lanes

with A A C A B C B B C ct C C
raised

median)

Multilane

(4 lanes

without A B @ B B @ ct C C ct @ @
raised

median)

Notes:
1. Depending on site observations, driver yielding rates, and other engineering considerations, RRFBs could be considered.

Geometric treatments should also be considered prior to the implementation of recommended enhancement.
A=Level A, Signing and Striping Only
B=Level B, Rapid Rectangular Flashing Beacons (RRFB)

C=Level C, Pedestrian Hybrid Beacon (PHB) or Signal
Same as the Mekuria, Furth, and Nixon (2012) methodology, "no effect” signifies that there is no further decrease in comfort for that
variable.

Conclusion

The Streetscore+ methodology builds on Mekruia, Furth, and Nixon's LTS methodology to incorporate a
finer grain understanding of bicyclist comfort on cycle tracks and bicycle boulevards and creates a parallel
methodology to measure pedestrian comfort on streets and at intersections. This methodology is intended
to be easy-to-use with the typical datasets that transportation practitioners utilize on corridor studies and
active transportation projects. As a result, transportation practitioners can use this tool in a sketch planning
capacity to further active transportation designs and more accurately understand the impacts of design
decisions on comfort and stress tolerance for people who walk and bike. Where data may not be available

or local conditions may warrant adjusted criteria, the tool is intended to be flexible and customizable.
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APPENDIX B: EXISTING INTERSECTION COUNTS




Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 1AM FINAL
Site Code : 00000001
Start Date : 4/20/2017
Page No 1
Groups Printed- Lights - Buses - Trucks
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
07:00 AM 0 17 3 0 20| 12 0 24 0 36| 76 47 0 0 123 0 0 0 0 0 179
07:15 AM 0 15 2 3 20| 14 0 51 0 65| 92 71 0 0 163 0 0 0 0 0| 248
07:30 AM 0 17 1 0 18| 12 0 40 0 52| 91 58 0 0 149 0 0 0 0 0| 219
07:45 AM 0 12 2 2 16 12 0 67 0 79| 123 48 0 0 171 0 0 0 0 0 266
Total 0 61 8 5 74| 50 0 182 0 232 | 382 224 0 0 606 0 0 0 0 0| 912
08:00 AM 0 15 1 6 22 7 0 47 0 54| 145 59 0 0 204 0 0 0 0 0| 280
08:15 AM 0 14 2 1 17 11 0 44 0 55| 121 57 0 0 178 0 0 0 0 0 250
08:30 AM 0 13 3 2 18| 14 0 59 0 73| 178 55 1 0 234 0 0 0 0 0| 325
08:45 AM 0 12 3 2 17| 11 0 57 0 68| 164 84 0 0 248 0 0 0 0 0| 333
Total 0 54 9 11 74 43 0 207 0 250 | 608 255 1 0 864 0 0 0 0 0] 1188
09:00 AM 0 14 1 4 19 4 0 31 0 35| 165 60 0 0 225 0 0 0 0 0 279
09:15 AM 0 24 4 1 29 8 0 32 0 40| 157 59 1 0 217 0 0 0 0 0| 286
09:30 AM 0 18 2 1 21 10 0 24 0 34| 138 54 2 0 194 0 0 0 0 0 249
09:45 AM 0 15 2 0 17| 13 0 38 0 51121 63 1 0 185 0 0 0 0 0| 253
Total 0 71 9 6 86| 35 0 125 0 160 | 581 236 4 0 821 0 0 0 0 0| 1067
Grand Total 0 186 26 22 234 | 128 0 514 0 642 | 1571 715 5 0 2291 0 0 0 0 0| 3167
Apprch % 0 795 111 94 19.9 0 80.1 0 68.6 31.2 0.2 0 0 0 0 0
Total % 0 59 08 07 7.4 4 0 16.2 0 203|496 226 0.2 0 723 0 0 0 0 0
Lights 0 147 23 22 192 | 117 0 472 0 589 | 1475 637 5 0 2117 0 0 0 0 0| 2898
% Lights 0 79 885 100 821914 0 918 0 91.7]939 89.1 100 0 924 0 0 0 0 0] 915
Buses 0 21 2 0 23 9 0 26 0 35| 81 50 0 0 131 0 0 0 0 0 189
% Buses 0 113 7.7 0 9.8 7 0 51 0 55| 5.2 7 0 0 5.7 0 0 0 0 0 6
Trucks 0 18 1 0 19 2 0 16 0 18| 15 28 0 0 43 0 0 0 0 0 80
% Trucks 0 97 38 0 81| 1.6 0 31 0 2.8 1 39 0 0 1.9 0 0 0 0 0 25
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Int. Total \
Peak Hour Analysis From 07:00 AM to 09:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 08:30 AM
08:30 AM 0 13 3 16 14 0 59 73| 178 55 1 234 0 0 0 0 323
08:45 AM 0 12 3 15 11 0 57 68 164 84 0 248 0 0 0 0 331
09:00 AM 0 14 1 15 4 0 31 35| 165 60 0 225 0 0 0 0 275
09:15 AM 0 24 4 28 8 0 32 40| 157 59 1 217 0 0 0 0 285
Total Volume 0 63 11 74 37 0 179 216 | 664 258 2 924 0 0 0 0 1214
% App. Total 0 851 149 17.1 0 829 719 27.9 0.2 0 0 0
PHF| .000 .656 .688 .661| 661 .000 .758 .740| 933 .768 .500 .931| .000 .000 .000 .000 917
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Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 1AM FINAL
Site Code : 00000001
Start Date : 4/20/2017
Page No 1
Groups Printed- Bikes
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
07:00 AM 0 0 0 0 0 0 0 0 0 0 1 1 0 0 2 0 0 0 0 0 2
07:15 AM 0 0 1 0 1 1 0 0 0 1 1 1 0 0 2 0 0 0 0 0 4
07:30 AM 0 0 0 0 0 0 0 1 0 1 4 1 0 0 5 0 0 0 0 0 6
07:45 AM 0 0 0 0 0 5 0 3 0 8 5 1 0 0 6 0 0 0 0 0 14
Total 0 0 1 0 1 6 0 4 0 10 11 4 0 0 15 0 0 0 0 0 26
08:00 AM 0 1 0 0 1 0 0 5 0 5 11 0 0 0 11 0 0 0 0 0 17
08:15 AM 0 0 0 0 0 0 0 1 0 1 6 0 0 0 6 0 0 0 0 0 7
08:30 AM 0 0 2 0 2 0 0 5 0 5 15 1 0 0 16 0 0 0 0 0 23
08:45 AM 0 0 1 0 1 0 0 1 0 1 12 0 0 0 12 0 0 0 0 0 14
Total 0 1 3 0 4 0 0 12 0 12 44 1 0 0 45 0 0 0 0 0 61
09:00 AM 0 0 1 0 1 2 0 4 0 6 2 2 0 0 4 0 0 0 0 0 11
09:15 AM 0 0 0 0 0 1 0 4 0 5 5 0 0 0 5 0 0 0 0 0 10
09:30 AM 0 0 1 0 1 1 0 4 0 5 0 0 0 0 0 0 0 0 0 0 6
09:45 AM 0 0 0 0 0 0 0 1 0 1 3 1 0 0 4 0 0 0 0 0 5
Total 0 0 2 0 2 4 0 13 0 17 10 3 0 0 13 0 0 0 0 0 32
Grand Total 0 1 6 0 7 10 0 29 0 39| 65 8 0 0 73 0 0 0 0 0 119
Apprch % 0 143 857 0 25.6 0 744 0 89 11 0 0 0 0 0 0
Total % 0 0.8 5 0 59| 84 0 244 0 328|546 6.7 0 0 613 0 0 0 0 0
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right | Thru | Left | app.Towa | Right | Thru | Left | App.Towl | Right | Thru | Left | App.Towl | Right | Thru| Left | App. Total | Int. Total |
Peak Hour Analysis From 07:00 AM to 09:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:45 AM
07:45 AM 0 0 0 0 5 0 3 8 5 1 0 6 0 0 0 0 14
08:00 AM 0 1 0 1 0 0 5 5 11 0 0 11 0 0 0 0 17
08:15 AM 0 0 0 0 0 0 1 1 6 0 0 6 0 0 0 0 7
08:30 AM 0 0 2 2 0 0 5 5 15 1 0 16 0 0 0 0 23
Total Volume 0 1 2 3 5 0 14 19 37 2 0 39 0 0 0 0 61
% App. Total 0 333 66.7 26.3 0 737 94.9 5.1 0 0 0 0
PHF| .000 .250 .250 .375] .250 .000 .700 594 | 617 .500 .000 .609| .000 .000 .000 .000 .663
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Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 1PM FINAL
Site Code : 00000001
Start Date : 4/20/2017
Page No 1
Groups Printed- Lights - Buses - Trucks
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
04:00 PM 0 92 13 3 108 4 0 41 0 45| 40 19 1 0 60 0 0 0 0 0| 213
04:15 PM 0 93 13 1 107 1 0 63 0 64| 45 9 1 0 55 0 0 0 0 0| 226
04:30 PM 0 80 5 0 85 7 0 65 0 72| 30 11 0 0 41 0 0 0 0 0 198
04:45 PM 0 43 8 2 53 1 0 64 0 65 62 20 0 1 83 0 0 0 0 0 201
Total 0 308 39 6 353 | 13 0 233 0 246 | 177 59 2 1 239 0 0 0 0 0| 838
05:00 PM 0 67 11 5 83 3 0 95 0 98| 56 14 0 0 70 0 0 0 0 0| 251
05:15 PM 0 57 5 3 65 4 0 124 0 128 61 12 0 0 73 0 0 0 0 0| 266
05:30 PM 0 46 16 4 66 3 0 95 0 98| 54 11 2 0 67 0 0 0 0 0| 231
05:45 PM 0 40 8 1 49 7 0 115 0 122 71 12 4 0 87 0 0 0 0 0 258
Total 0 210 40 13 263 17 0 429 0 446 | 242 49 6 0 297 0 0 0 0 0| 1006
06:00 PM 0 38 3 7 48 1 0 103 0 104 35 7 2 0 44 0 0 0 0 0 196
06:15 PM 0 21 1 2 24 2 0 109 0 111 | 46 5 4 0 55 0 0 0 0 0 190
06:30 PM 0 22 0 0 22 0 0 92 0 92 33 3 0 0 36 0 0 0 0 0 150
06:45 PM 0 14 0 1 15 1 0 32 0 33| 31 8 0 0 39 0 0 0 0 0 87
Total 0 95 4 10 109 4 0 336 0 340 | 145 23 6 0 174 0 0 0 0 0| 623
Grand Total 0 613 83 29 725 34 0 998 0 1032 | 564 131 14 1 710 0 0 0 0 0| 2467
Apprch % 0 846 114 4 3.3 0 96.7 0 79.4 18.5 2 0.1 0 0 0 0
Total % 0 248 34 12 294| 1.4 0 405 0 418|229 53 0.6 0 2838 0 0 0 0 0
Lights 0 536 71 29 636 33 0 972 0 1005| 504 125 14 1 644 0 0 0 0 0| 2285
% Lights 0 874 855 100 87.7]97.1 0 974 0 9741894 954 100 100 90.7 0 0 0 0 0] 92.6
Buses 0 66 12 0 78 1 0 19 0 20| 52 3 0 0 55 0 0 0 0 0 153
% Buses 0 108 145 0 10.8]| 29 0 19 0 19| 92 23 0 0 7.7 0 0 0 0 0 6.2
Trucks 0 11 0 0 11 0 0 7 0 7 8 3 0 0 11 0 0 0 0 0 29
% Trucks 0 18 0 0 15 0 0 07 0 07| 14 23 0 0 15 0 0 0 0 0 1.2
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Int. Total \
Peak Hour Analysis From 04:00 PM to 06:45 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 0 67 11 78 3 0 95 98 56 14 0 70 0 0 0 0 246
05:15 PM 0 57 5 62 4 0 124 128 61 12 0 73 0 0 0 0 263
05:30 PM 0 46 16 62 3 0 95 98 54 11 2 67 0 0 0 0 227
05:45 PM 0 40 8 48 7 0 115 122 71 12 4 87 0 0 0 0 257
Total Volume 0 210 40 250 17 0 429 446 | 242 49 6 297 0 0 0 0 993
% App. Total 0 84 16 3.8 0 96.2 815 16.5 2 0 0 0
PHF| .000 .784 .625 .801| .607 .000 .865 .871| 852 .875 .375 .853| .000 .000 .000 .000 .944
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Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 1PM FINAL
Site Code : 00000001
Start Date : 4/20/2017
Page No 1
Groups Printed- Bikes
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
04:00 PM 0 0 2 0 2 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 5
04:15 PM 0 0 1 0 1 0 0 3 0 3 0 0 0 0 0 0 0 0 0 0 4
04:30 PM 0 1 0 0 1 1 0 8 0 9 0 0 0 0 0 0 0 0 0 0 10
04:45 PM 0 0 0 0 0 0 0 4 0 4 1 0 0 0 1 0 0 0 0 0 5
Total 0 1 3 0 4 1 0 18 0 19 1 0 0 0 1 0 0 0 0 0 24
05:00 PM 0 0 1 0 1 0 0 6 0 6 0 0 0 0 0 0 0 0 0 0 7
05:15 PM 0 2 0 0 2 0 0 8 0 8 0 1 0 0 1 0 0 0 0 0 11
05:30 PM 0 0 0 0 0 0 0 12 0 12 0 0 0 0 0 0 0 0 0 0 12
05:45 PM 0 1 2 0 3 0 0 9 0 9 0 0 0 0 0 0 0 0 0 0 12
Total 0 3 3 0 6 0 0 35 0 35 0 1 0 0 1 0 0 0 0 0 42
06:00 PM 0 1 1 0 2 0 0 4 0 4 1 0 0 0 1 0 0 0 0 0 7
06:15 PM 0 0 0 0 0 1 0 5 0 6 0 0 0 0 0 0 0 0 0 0 6
06:30 PM 0 3 0 0 3 0 0 8 0 8 5 0 0 0 5 0 0 0 0 0 16
06:45 PM 0 1 0 0 1 0 0 7 0 7 2 0 0 0 2 0 0 0 0 0 10
Total 0 5 1 0 6 1 0 24 0 25 8 0 0 0 8 0 0 0 0 0 39
Grand Total 0 9 7 0 16 2 0 77 0 79 9 1 0 0 10 0 0 0 0 0 105
Apprch % 0 56.2 4338 0 2.5 0 975 0 90 10 0 0 0 0 0 0
Total % 0 86 6.7 0 152| 1.9 0 733 0 752| 86 1 0 0 9.5 0 0 0 0 0
ELLIS ST MANILA DR ELLIS ST
Southbound Westbound Northbound Eastbound
Start Time | Right | Thru | Left | app.Towa | Right | Thru | Left | App.Towl | Right | Thru | Left | App.Towl | Right | Thru| Left | App. Total | Int. Total |
Peak Hour Analysis From 04:00 PM to 06:45 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 05:00 PM
05:00 PM 0 0 1 1 0 0 6 6 0 0 0 0 0 0 0 0 7
05:15 PM 0 2 0 2 0 0 8 8 0 1 0 1 0 0 0 0 11
05:30 PM 0 0 0 0 0 0 12 12 0 0 0 0 0 0 0 0 12
05:45 PM 0 1 2 3 0 0 9 9 0 0 0 0 0 0 0 0 12
Total Volume 0 3 3 6 0 0 35 35 0 1 0 1 0 0 0 0 42
% App. Total 0 50 50 0 0 100 0 100 0 0 0 0
PHF| .000 .375 .375 .500] .000 .000 .729 .729 | .000 .250 .000 .250| .000 .000 .000 .000 .875
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Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 2AM FINAL
Site Code : 00000002
Start Date :5/16/2017
Page No 1
Groups Printed- Lights - Buses - Trucks
ELLIS ST US-101 NB OFF-RAMP ELLIS ST US-101 NB ON-RAMP
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
07:.00AM| 33 26 0 0 59| 36 0 49 0 85 0 111 13 0 124 0 0 0 1 1 269
07:15AM| 35 26 0 0 61| 57 0 55 0 112 0 134 21 0 155 0 0 0 3 3| 331
07:30AM| 63 38 0 0 101| 38 0 59 0 97 0 156 20 0 176 0 0 0 3 3| 377
07:45 AM 49 53 0 0 102 39 0 66 0 105 0 185 13 0 198 0 0 0 3 3 408
Total | 180 143 0 0 323 | 170 0 229 0 399 0 586 67 0 653 0 0 0 10 10| 1385
08:00AM | 49 29 0 0 78| 37 0 86 0 123 0 183 16 0 199 0 0 0 1 1| 401
08:15AM| 52 30 0 0 82| 28 0 72 0 100 0 111 27 0 138 0 0 0 0 0| 320
08:30AM | 45 30 0 0 75| 36 0 83 0 119 0 214 15 0 229 0 0 0 2 2| 425
0845AM| 36 36 0 0 72| 41 0 93 0 134 0 190 17 0 207 0 0 0 6 6| 419
Total | 182 125 0 0 307 | 142 0 334 0 476 0 698 75 0 773 0 0 0 9 9] 1565
09:00 AM 29 30 0 0 59 51 0 100 0 151 0 190 19 0 209 0 0 0 4 4 423
09:15AM | 17 33 0 0 50| 45 0 9% 0 139 0 228 19 0 247 0 0 0 2 2| 438
09:30 AM 23 25 0 0 48 63 0 100 0 163 0 185 32 0 217 0 0 0 4 4 432
0945AM| 21 35 0 0 56| 61 0 123 0 184 0 195 27 0 222 0 0 0 3 3| 465
Total | 90 123 0 0 213 | 220 0 417 0 637 0 798 97 0 895 0 0 0 13 13| 1758
Grand Total | 452 391 0 0 843 | 532 0 980 0 1512 0 2082 239 0 2321 0 0 0 32 32| 4708
Apprch % | 53.6 46.4 0 0 35.2 0 64.8 0 0 89.7 10.3 0 0 0 0 100
Total% | 9.6 8.3 0 0 179|113 0 20.8 0 321 0 442 51 0 493 0 0 0 07 0.7
Lights | 410 350 0 0 760 | 517 0 946 0 1463 0 1942 216 0 2158 0 0 0 32 32| 4413
% Lights | 90.7 89.5 0 0 90.2]97.2 0 96.5 0 96.8 0 93.3 90.4 0 93 0 0 0 100 100| 93.7
Buses| 18 22 0 0 40 2 0 6 0 8 0 114 12 0 126 0 0 0 0 0 174
% Buses 4 56 0 0 47| 0.4 0 06 0 0.5 0 55 5 0 5.4 0 0 0 0 0 3.7
Trucks | 24 19 0 0 43| 13 0 28 0 41 0 26 11 0 37 0 0 0 0 0 121
% Trucks | 5.3 4.9 0 0 51| 24 0 29 0 2.7 0 12 46 0 1.6 0 0 0 0 0 2.6
ELLIS ST US-101 NB OFF-RAMP ELLIS ST US-101 NB ON-RAMP
Southbound Westbound Northbound Eastbound
Start Time | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Right \ Thru \ Left \ App. Total | Int. Total \
Peak Hour Analysis From 07:00 AM to 09:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 09:00 AM
09:00 AM 29 30 0 59 51 0 100 151 0 190 19 209 0 0 0 0 419
09:15 AM 17 33 0 50 45 0 94 139 0 228 19 247 0 0 0 0 436
09:30 AM 23 25 0 48 63 0 100 163 0 185 32 217 0 0 0 0 428
09:45 AM 21 35 0 56 61 0 123 184 0 195 27 222 0 0 0 0 462
Total Volume 90 123 0 213 | 220 0 417 637 0 798 97 895 0 0 0 0 1745
% App. Total | 42.3 57.7 0 345 0 655 0 89.2 10.8 0 0 0
PHF| 776 .879 .000 .903| .873 .000 .848 .865| .000 .875 .758 .906| .000 .000 .000 .000 .944
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Traffic Data Service

San Jose, CA
(408) 622-4787
tdsbay@cs.com
File Name : 2AM FINAL
Site Code : 00000002
Start Date :5/16/2017
Page No 1
Groups Printed- Bikes
ELLIS ST US-101 NB OFF-RAMP ELLIS ST US-101 NB ON-RAMP
Southbound Westbound Northbound Eastbound
Start Time | Right ‘ Thru ‘ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Right ‘ Thru \ Left ‘ Peds ‘ App. Total | Int. Totﬂ
07:00 AM 0 1 0 0 1 0 0 0 0 0 0 6 0 0 6 0 0 0 0 0 7
07:15 AM 0 2 0 0 2 0 0 0 0 0 0 4 0 0 4 0 0 0 0 0 6
07:30 AM 0 2 0 0 2 0 0 0 0 0 0 9 0 0 9 0 0 0 0 0 11
07:45 AM 0 2 0 0 2 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 12
Total 0 7 0 0 7 0 0 0 0 0 0 29 0 0 29 0 0 0 0 0 36
08:00 AM 0 4 0 0 4 0 0 0 0 0 0 17 0 0 17 0 0 0 0 0 21
08:15 AM 0 3 0 0 3 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 13
08:30 AM 0 4 0 0 4 0 0 0 0 0 0 21 0 0 21 0 0 0 0 0 25
08:45 AM 0 3 0 0 3 1 0 0 0 1 0 7 0 0 7 0 0 0 0 0 11
Total 0 14 0 0 14 1 0 0 0 1 0 55 0 0 55 0 0 0 0 0 70
09:00 AM 0 1 0 0 1 0 0 0 0 0 0 11 0 0 11 0 0 0 0 0 12
09:15 AM 0 6 0 0 6 0 0 0 0 0 0 16 0 0 16 0 0 0 0 0 22
09:30 AM 0 4 0 0 4 0 0 0 0 0 0 8 0 0 8 0 0 0 0 0 12
09:45 AM 0 4 0 0 4 0 0 0 0 0 0 10 0 0 10 0 0 0 0 0 14
Total 0 15 0 0 15 0 0 0 0 0 0 45 0 0 45 0 0 0 0 0 60
Grand Total 0 36 0 0 36 1 0 0 0 1 0 129 0 0 129 0 0 0 0 0 166
Apprch % 0 100 0 0 100 0 0 0 0 100 0 0 0 0 0 0
Total % 0 217 0 0 21.7) 0.6 0 0 0 0.6 0 777 0 o 777 0 0 0 0 0
ELLIS ST US-101 NB OFF-RAMP ELLIS ST US-101 NB ON-RAMP
Southbound Westbound Northbound Eastbound
Start Time | Right | Thru | Left | app.Towa | Right | Thru | Left | App.Towl | Right | Thru | Left | App.Towl | Right | Thru| Left | App. Total | Int. Total |
Peak Hour Analysis From 07:00 AM to 09:45 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:45 AM
07:45 AM 0 2 0 2 0 0 0 0 0 10 0 10 0 0 0 0 12
08:00 AM 0 4 0 4 0 0 0 0 0 17 0 17 0 0 0 0 21
08:15 AM 0 3 0 3 0 0 0 0 0 10 0 10 0 0 0 0 13
08:30 AM 0 4 0 4 0 0 0 0 0 21 0 21 0 0 0 0 25
Total Volume 0 13 0 13 0 0 0 0 0 58 0 58 0 0 0 0 71
% App. Total 0 100 0 0 0 0 0 100 0 0 0 0
PHF| .000 .813 .000 .813 | .000 .000 .000 .000 | .000 .690 .000 .690| .000 .000 .000 .000 .710


































































































































































































































































































































































































































































